Abstract -The fundamental equation f o r the pressure of adsorbed f l u i d s , containing the potential energy of the adsorbed molecule a s an paremeter, has been derived on the basis of the thermodynamics of f l u i d s in the f i e l d of adsorption forces. A s an Bx(LIIIp1e of i t s applicability, the s t a t e ftmotion of krypton adsorbed on the zeolite CaA has been evaluated. This f m c t i o n substantially deviates from that of the bulk krypton a s a r e s u l t of the smaller number of interacting atoms in the small volumes of adsorbate. On the basis of the s t a t e equations of adsorbed f l u i d s , the equations of adsorption isotherms f o r energetically homogeneous adsorbent s m e derived. From this equations follows, that the shape of the isotherms in the coordinates amount adsorbed VS. l ogarithm of the equilibrious gas pressure, is determined by the s t a t e equation whereas i t s position on the absoissae axis depends on the potential energy of the adsorbed molecul e in the adsorption space.
INTRODUCTION
The phenomenon of physical adsorption i s caused by the enhanoement of the density and concentration of f l u i d s on the surfaces of solids or in micropores of s o l i d s , as a d i r e c t consequence of the existegce of the a t t r a c t i v e adsorption forces. This density is determgned by the p ,va,T s t a t e relation of a given adsorbed f l u i d . The pressure p of t h i s f l u i d depends on the pressure pg of the equilibrious gas existing o u t side the influence of adsorption forces and on the valtre of the potential of these forces, further denoted as #. The relation between the above pressures and the potential 9 can be evaluated by means of the general thermodynamical condition f o r e q S l i b r i u m of f l u i d s i n the f i e l d of external forces w i t h respect t o the transport of matter f i r s t l y formulated by J.W.Gibbs. From the above ideas i t is evident, that the theory of physical adsorption may be closely connected w i t h the theory of s t a t e properties of f l u i d s and eventually a l s o w i t h the extra complications i n these properties caused by the presence of the surface of s o l i d . I n the described treatment i t is important t o choose properly the concept of the s f f w t u r e of the adsorbed f l u i d . When the adsorbed f l u i d forms only a monolayer on the s o l i d surface, the ooncept of the two-dimensional ( u ) ) f l u i d 8hould be chosen. The properties of this f l u i d can be described by u ) state functions such as the surfaoe pressure n and the m o l a r siwface u of the adsorbed f l u i d , etc. But when adjacently adsorbed moleoules can take a r b i t r a r y position8 in three dimensions with respect t o each other, the three-dimensignal (3D) conoept of adsor%d f l u i d is t o be applied and the 3D pressure p and the 31, m o l a r volume v of the adsorbate should be i n t r odwed. The l a t t e r case conoerns e.g. the adsorption of vapours in microporoue s o l i d s , whioh w i l l be mainly discassed in the present paper. There is an interesting correspondence between both oonoepts. As has been shown by E.A .Flood (ref, 1 ) , they can be easily traPsformed i n t o one another by a s m a l l ohwage in the l q u a g e .
Because in o a r treatment, the thermodynamics in the f i e l d of external for00s is applied, the question of i t s applicability t o adsorption phenomena should be elucidatod. 'Ihe basic assumption i s , that the adsorbate behaves as a s a l e component substanoe, remainin6 d i s t i n c t and occupying. separate and definite volumes (ref. 2 ) . Tban the important limitation of t h e scope of the Second Law of thermodynamics in s m a l l regions of colloidal systems 0. KADLEC can be overcomed by the interpretation of the s t a t e functions, such as pressure, temperature, volume, chemical potential etc., as time averaged quantities. Thus 8.g. the physical meanof the pressure pa i s the averaged force per u n i t area, which the molecules of the adsorbate on one side of the infinitesimal surface element exert on the other side. This aversging i s clearly appropriate because of the macroscopic nature of the thennodynamic pressure, in contrast t o the molecular dimensione of the surfaoe regions. As a consequence, the Gibbsian condition f o r the equilibrium of the f l u i d , f o r every point of the adsorption space, where the potential energy of the adsorbed molecule i s $, may be written i n the form pa(pa,Ta) + $ = p6(pg,T) ,
where the s t a t e functions wa,pa,+ (pa i s the chemioal potential of adsorbed f l d and Ta i s the temperature) represents the time averaged quantit i e s . p' is the chemioal potential of the eqtlilibriow gas o u t s i d e the influenoe of adsorption forces i n the gpace, ghere the potential $ i s zero.
The r e l a t i o n between the pressures p and p of the adsorbed and equilibrious gas, respectively, important f o r the theory of physical adsorption, follows f r o m the Gibbsian condition of equilibrium, as i s o l e r l y seen from i t s f o m ( 1 ) , simi a r l y as the r e l a t i o n between the surface pressure n and the gas pressure pa: can be e v a l 3 t e d f r o m the Oibbsian adsorption equation.
The e x p l i c i t form of this pa($,p ) function is derived and i t s application i n the analysis of the s t a t e properties of adsorbed f l u i d s i s demonstrated i n the f o l l o w i q chapters.
THE EQUATION FOR THE PRESSURE OF ADSORBED FLUIDS
As h t s been discussed above, the equation f o r the evaluation of the pressure p from the adsorption isoQem c y be derived on the basis of equation , Ttoonst. ,
where S i s the specific surface of the adsorbent. It i s frequently used f o r the evaluation of the surface pressure n . Moreover equation ( 6 ) contains the potential energy fd of the adsorbed moleoule as parameter. This i s connected with the r e a l i t y , that equation ( 1 ) represents the oondition of eqilibrium containing chemical potentials i n the integrated form. Uhen the d i f f e r e n t i a l forms of the equilibrium cgndi ion are used i n the evaluations energy fd i s included i n the integration constant, which dissapears e.g. i n the Bangham's treatment, i n which i t i s assumed that the surface pressure i s zero when the equilibrious gas pressure approach t o zero.
Ifhen i n an ana ogous derivation a s presented here one chooses the a r b i p a r y l o w pressure p$ of the gas a s standard, one obtains f o r the pressure p the expression of adsorbed f l u i d pressures (such a s dp =dp d , of. r e f . 2 ) , the potential which for p t .* 0 yields the 3D a n a l o g of the integrated Gibbsian adsorption equation
where z=exp[(fd+pH)/RT] and px represent the change i n the chemical potential of &he gas, when i t i s transferred i n the adsorption space a t the pres-
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LIMITS OF APPLICABILITY OF THE EQUATIONS FOR THE PRESSURE pa
It is important to realize that the equations ( 6 ) , ( As f o l o w s from F i e . 2a., a t the RTlnr valugf ranging from -15 t o -7.2 kJ mole-', the inequality A1/1<0 holds. Thus p < O and hence the adsorbed liquid-like krypton i s i n the metastable state. For this geason two differ e n t forms (6) 5 given by the relation RTlra5a-7.2 kJ/mole corresponding t o A l / l = O have been used i n this evaluation together w i t h the assumption that the pot e n t i a l energy $ of krypton atoms in the volume Vo i s cooatant. Otnriously this assumption is f u l f i l l e d only approximately.
W h e n a t the low gas pressures x, the density of adsorbed krypton decreases so much, that i t i s reversibly oonverted i n t o the gas-like s t a t e , equation (6) ttarns o u t not t o be valid any l o w e r . Then the evaluation neglects this r e a l i t y , the o b t a ined s t a t e function has an effective oharacter only. This is olearly seen from Fig. 3 , where the r e a l and the effeotive parts of the s t a t e funation, evaluated by means of eqn. (4) and ( 6 ) , are depioted by the f ull and the d o t t e d ourve 1 , respectively, (the pressure of the gas-like f l u i d cannot be negative). On pe other hand, i n the range of small adsorbed amounts a ( x ) , the pressure p can be determined by eqn. ( 9 ) only. A t higher adsorbed amomts, the evaluated s t a t e function again acquires the effective charact e r i n s p i t e of the presence of the "phase t r a r r s i t i o n s " with the presenoe of the metastable liquid-like f l u i d . This i s i l l u s t r a t e d i n Fig. 3 by the f u l l and dgttgd parts of the curve g. The shape of the evaluated real s t a t e funotion p (v ) reminds the van per Haals s t a t e funotion. The hypothstical part with the positive slope (6p /6v )T, joining both real branohes of the s t a t e funotion, ha8 been estimated by means of the Maxwell rule (curve 3). 0. KADLEC capillaries, disoussed above, The "aondensation" of such type can be i l l ustrated diapvuuaatically on Fig. 4 as the transition from the s t a t e V' t o oonditions the derivation of equations of adsorption iaotherms f o r the main s t a t e equations is derived. W h e n we again ohoose the s t a t e of the bulk liquid and normal saturated vapour a t given temperature T a s standard and when W e assume that the equilibrious gas behaves ideally, than the o o n d i t i - 
